This paper is a supplement of our earlier work [1] . We map the vector potential of charged black holes into GEMS and find that its effect on the thermal spectrum is the same as that on the black hole side, i.e., it will induce a chemical potential in the thermal spectrum which is the same as that in the charged black holes. *
Introduction
It is well known that horizon, radiation and entropy are closely related objects. The Hawking effect [2] is related to the event horizon intrinsic to the spacetime geometry, while the Unruh effect [3] is related to the horizon associated with a specific observer. However, these two effects are also closely related. Using a higher dimensional global embedding Minkowski spacetime (GEMS) of a curved spacetime, Deser and Levin [4, 5, 6] find that the temperature detected by a static detector in a curved spacetime is equal to the temperature detected by the corresponding detector (a Rindler detector) in the GEMS. We generalize their work to detectors of general stationary motions in the spherically symmetric spacetimes and match the whole thermal spectra including the chemical potential in the case of uncharged black holes [1] . However, we note in [1] that the chemical potential can not be properly matched for charged black holes, since the vector potential does not map into the GEMS. In this paper, we will address this problem and give a natural mapping of the vector potential into the GEMS and show that the resulting thermal spectrum is the same as that of the charged black hole.
Mapping the vector potential into the GEMS
We consider the simplest case of a RN black hole. 1 The metric is
where
And the 1-form vector potential in a specific gauge which is natural for an outside observer is
It has two horizons at r ± = M ± M 2 − Q 2 . The usual GEMS approach only embeds the metric into the higher dimensional space. However, this is not complete for the charged black hole. As discussed in [1] , the static detector outside the black hole will observe a thermal spectrum with chemical potential associated with the vector potential, while when viewed in the GEMS it is a standard Rindler detector and will detect a thermal spectrum without chemical potential. So we must take into account the vector potential and find a method to encode its information in the higher dimensional one. The most natural choice is to push-forward it into the GEMS. We will see that this is a correct choice, since it induces the desired chemical potential in the thermal spectrum detected by the Rindler detector in the higher dimensional space. The RN black hole can be embedded in a flat D = 7 space [6] with metric
as follows:
is the surface gravity of the outer horizon. For the cases we are interested in (r, θ = const.), the coordinates z 2 , z 5 , z 6 are constants, and the motions in the higher dimensional space are effectively four dimensional ones in the usual Minkowski spacetime (with coordinates z 0 , z 1 , z 3 , z 4 ). In the following, we only consider this subspace. So in the GEMS, there are two coordinate systems. One uses z 0 as time coordinate and is the usual Minkowski coordinate system which can be extended to cover the entire spacetime (when including the other dimensions) and corresponds to the maximal Kruskal extension of RN black hole; the other one uses t as time coordinate and is a Rindler coordinate system which has a horizon at r = r + and can only cover the region r > r + . It should be emphasized that the above embedding can be extended to cover r < r + [7] so that the observer restricted to r > r + will lost information and hence detect radiation. For a detector outside the RN black hole moving according to constant r, θ and φ with r > r + , the corresponding detector in the GEMS can be read from eq. (5), and it is just a Rindler detector with a coordinate acceleration a = κ. The vector potential (3), when push-forwarded to the GEMS, becomes
= − 1 κ
Here eq. (7) is the form in the Rindler coordinates, while eq. (8) We consider a charged scalar field φ(x) with charge q. The thermal Green function of a grand canonical ensemble with inverse temperature β is defined as
where T is the time-ordering operator and the ensemble expectation value is given by
where µ is the chemical potential, H is the Hamiltonian, N is the number operator, and Tr means takes trace over a group of complete bases. Note, in the above definition, the time evolution of the field is governed by the usual Heisenberg equation, i.e.,
It is well know that the thermal Green function defined above has the following quasi-periodicity in imaginary time [9] :
We will now consider the zero temperature Green function of Minkowski space and show that it just corresponds to the thermal Green function in Rindler coordinates.
First, we note that the the vector potential (8) in the Minkowski coordinates is singular on the horizon of the Rindler space r = r + which corresponds to (z 1 ) 2 − (z 0 ) 2 = 0. In order to give a well-behaved vector potential on the horizon, we perform the following gauge transformation:
with
Now in thisÃ ′ gauge the zero temperature Green function of Minkowski spacetime is suitably analytic in the Minkowski coordinates [10, 11] , and when expressed in terms of the Rindler coordinates, it is easy to see from eq. (5) that
However, the usual Rindler observers (mapped from the usual observers outside the RN black hole in the usual gauge) will describe their observations using the Rindler coordinates and theÃ gauge, so we should change back to theÃ gauge and get
Now it is easy to see that
with chemical potential
and β still given by eq.(17). This is just the same thermal spectrum detected by a static detector outside the RN black hole. Furthermore, if the detector outside the black hole follows the trajectory
where r 0 , θ 0 and Ω are constants, then as discussed in [1] , the detector will detect an average number of particles with energy ω as follows
and β given by eq. (17), where m is the orbital angular quantum number of the particles. To see the corresponding spectrum in the GEMS, we simply use the same arguments as above. We see from eq. (5) that the trajectory (21) is mapped into the GEMS as a 4-dimensional Rindler motion superposed with a circular motion perpendicular to the acceleration of the Rindler motion. To go to the rest frame of the detector, we just perform the coordinate transformationφ = φ − Ωt.
We now focus on a mode with angular quantum number m. Its zero temperature Green function in the Minkowski spacetime is suitably analytic in the original coordinates and in theÃ ′ gauge, and takes the following form
It will be periodic in t − t ′ , namely we have
with φ − φ ′ invariant and β given by eq.(17). The embedding observers will describe their observations using coordinateφ and theÃ gauge, so after change back toÃ gauge and perform the coordinate transformation (24), we get
Takingφ −φ ′ invariant, it is easy to see that
with β again given by eq.(17) and chemical potential given bỹ
This is just the same thermal spectrum eq.(22,23) detected by a rotating detector outside the RN black hole.
Conclusion
We see that after properly mapping the vector potential of the RN black hole into the GEMS, we can match the whole thermal spectrum completely, including the chemical potential, for both static and rotating detectors. The generalizations to other spherically symmetric charged black holes are straightforward. Thus we have confirmed that the proposal of Deser and Levin in [4, 5, 6 ] is valid in these more general cases.
